Objective: To evaluate the long-term outcome of endovascular and open treatment for nonatherosclerotic renal artery disease (NARAD).
1-, 3-, and 5-year primary patency rates for any intervention were 87%, 75%, and 75%, respectively; primary assisted/secondary patency rates were 92%, 86%, and 86%, respectively. Endovascular interventions at 1, 3, and 5 years had primary patency rates of 73%, 49%, and 49%, respectively, and primary assisted/secondary patency rates of 83%, 83%, and 83%, respectively. For open revascularization, 1-, 3-, and 5-year primary patency rates were 91%, 80%, and 80%, respectively; primary assisted/ secondary patency rates were 94%, 87%, and 87%, respectively. For both interventions, blood pressure and the number of antihypertensives used were reduced compared with preintervention values (all PϽ.05). Serum creatinine level and estimated glomerular filtration rate were also improved after revascularization (both PϽ.05). There were 6 deaths. Five-and 10-year actuarial survival rates were 94% and 78%, respectively.
Conclusions:
Endovascular and open management of NARAD confers long-term benefit for blood pressure, renal function, renal artery/graft patency, and survival. Open revascularization results in superior 1-and 5-year outcomes compared with endovascular management and provides the most durable outcome for NARAD.
Arch Surg. 2010; 145(9):832-839 N ONATHEROSCLEROTIC renal artery disease (NARAD), namely, fibromuscular dysplasia (FMD) and Takayasu arteritis (TA), accounts for a significant portion of correctable hypertension. 1 Fibromuscular dysplasia is a noninflammatory vascular disease that can affect almost any vascular bed but most commonly affects the renal arteries. 2, 3 Fibromuscular dysplasia is characterized by hyperplastic and fibrotic lesions of the intima, media, and adventitia, giving rise to various subtypes classified by the artery wall involved. Approximately 85% of renal artery FMD lesions are of the medial fibroplasia subtype. 4 Fibromuscular dysplasia can also be associated with aneurysmal degeneration. 5 Takayasu arteritis is a nonspecific granulomatous inflammatory aortitis of unknown etiology that affects the aorta and its major branches. It is an arteriopathy that leads to stenotic and occlusive disease and, less commonly, aneurysmal degeneration. Takayasu arteritis-induced renal artery stenosis can result in hypertension that is refractory to medication therapy, with subsequent renal and cardiac dysfunction leading to premature death. [6] [7] [8] Although TA and FMD are pathologically different lesions, both may cause occlusive or aneurysmal disease of the renal arteries that leads to end organ dysfunction in the form of renovascular hypertension. It is well known that severe hypertension is an independent predictor of major adverse cardiac events and prema-ture death in patients with NARAD. 7, 9, 10 Patients with TA and severe hypertension treated with pharmacologic therapy alone have a 5-year survival of less than 60%. 9 The value of surgical revascularization has been recognized for patients with TA; however, specific emphasis on TAinduced renal artery involvement and the long-term effects of renal revascularization are less well studied. On the other hand, renal revascularization in patients with FMD, including endovascular and surgical procedures, and their long-term outcomes are better established. However, longitudinal follow-up with consistent periodic imaging of the renal arteries or renal reconstruction is limited. In this report, an endovascular and surgical experience with NARAD is provided with a focus on the longterm durability of open and endovascular revascularization based on consistent, periodic longitudinal imaging and its effect on renal function, blood pressure (BP), and patient survival.
METHODS

PATIENT POPULATION
From 1977 through 2009, 55 patients underwent treatment for NARAD at the University of Southern California (USC) University Hospital or Los Angeles CountyϩUSC Medical Center. Hospital medical records, imaging studies, and outpatient records of patients with NARAD were reviewed with the approval of the USC Health Sciences institutional review board.
Nonatherosclerotic renal artery disease was identified in patients with TA and those with FMD. All patients with TA met diagnostic criteria according to the American College of Rheumatology. 11 The diagnosis of FMD was based on characteristic preoperative angiographic findings.
Collected data consisted of patient demographic, including race, age, and sex, and clinical data, including preoperative BP, history of previous vascular procedures, comorbidities, computed tomography and angiographic findings, procedures performed, associated 30-day/in-hospital morbidity and mortality, and late outcomes such as renal/graft patency by periodic duplex imaging and mortality. Hypertension was defined as systolic BP (SBP) of greater than 140 mm Hg or diastolic BP (DBP) of greater than 90 mm Hg 12 or preoperative use of at least 1 antihypertensive medication. Renal function was determined with serum creatinine (SCr) level, and estimated glomerular filtration rate (eGFR) was determined using the Cockcroft-Gault method. 13 Renal dysfunction was defined as an SCr level of 1.5 mg/dL or greater (to convert to micromoles per liter, multiply by 88.4) or the need for dialysis. The Social Security Death Index was used to investigate mortality for patients who were lost to follow-up.
Primary end points were comparison of preoperative BP, antihypertensive medication requirements, eGFR, and SCr level with those at follow-up; long-term patency rates of renal revascularization; and survival. Cure of hypertension was defined as a BP of less than 140/90 mm Hg and requiring no antihypertensive medications. Clinical improvement was defined as an SBP of less than 140 mm Hg or DBP of less than 90 mm Hg with the same number of antihypertensive medications or a reduction of DBP of at least 15 mm Hg with the same number of antihypertensive medications or fewer. Unchanged BP with a reduction in the number of antihypertensive medications was considered a clinical improvement. Response was considered to be not improved if the criteria for cure or for improvement were not fulfilled.
IMAGING STUDIES
Preoperative aortography was performed on all patients before any surgical or endovascular intervention. Aortography included the abdominal aorta and selective bilateral renal artery angiograms for all patients. For patients with TA, aortography included the ascending aorta, aortic arch, and descending aorta to evaluate thoracic aortic involvement of disease. Computed tomography with intravenous contrast was performed to clarify the longitudinal extent of aortic/renal artery involvement and parenchymal asymmetry. Intraoperative duplex ultrasonography was routinely performed at the time of renal revascularization to assess the technical proficiency of all reconstructions. If abnormalities were detected, revision of the reconstruction was performed at the operating surgeon's discretion. Patency of renal revascularization was assessed by serial duplex ultrasonography at 1 and 6 months after the intervention, then annually thereafter. Computed tomographic angiography, magnetic resonance angiography, or aortography was used adjunctively as needed. Aortography was performed to confirm stenosis or occlusion when noninvasive imaging detected a renal artery restenosis or a graft stenosis or occlusion.
ENDOVASCULAR TECHNIQUE
Renal artery percutaneous transluminal angioplasty (PTA) and stenting were performed using femoral or left brachial access, with long 6F sheaths, 0.014/.018-inch-diameter wires and compatible balloons, and balloon expandable stents of 5 to 6 mm. Stenting was used selectively for elastic recoil with a greater than 30% residual stenosis or in the case of renal dissection. Technical success was defined by the elimination of preexisting pressure gradients across the stenosis and less than 30% residual stenosis on completion angiography.
OPEN TECHNIQUE
Unilateral renal revascularization was achieved using a subcostal incision extended to the 12th rib for retroperitoneal exposure. For bilateral renal revascularizations, a midline transperitoneal approach was used. Operations were staged for bilateral revascularizations requiring ex vivo reconstruction. The preferred conduit was autogenous saphenous vein. Prosthetic or hypogastric artery was used when no suitable vein was available. Graft inflow was provided by a nondiseased segment of aorta. In select cases, when extensive aortic disease was present, splenic, hepatic, or common iliac arteries were used for inflow. The distal anastomosis was placed in the distal renal artery or branch points free of visible disease. When extensive branch disease was found, ex vivo techniques were used. In cases with inflammatory involvement of the entire renal artery or extension into the renal hilum where vascular reconstruction was not possible, nephrectomy was performed.
STATISTICAL ANALYSIS
Continuous variables were summarized as mean (SE) and compared using 2-tailed t tests. Categorical variables were expressed as frequency and percentage. Renal revascularization patency rates and survival were estimated using the KaplanMeier method. Kaplan-Meier patency curves were compared using log-rank analysis. We considered PϽ.05 to be statistically significant. Statistical analysis was performed using commercially available software (SPSS, version 17.0; SPSS, Inc, Chicago, Illinois).
RESULTS
Fifty-five patients underwent 79 interventions for NARAD. Demographic data are summarized in Table 1 . Mean age at the time of intervention was 40 (2.2) years. Forty-seven patients (85%) were women, and 26 (47%) were Hispanic. Eight patients had undergone previous renal interventions at outside hospitals, including 7 PTAs, 3 aortorenal bypasses, and 1 nephrectomy. All previous renal revascularizations had failed. Fourteen patients with TA (45%) were receiving corticosteroids or immunosuppressive medications at the time of renal revascularization.
At presentation, 52 patients (95%) had hypertension; the mean preintervention SBP for all patients with hypertension was 172 (3) mm Hg and the mean DBP was 100 (3) mm Hg while receiving a mean of 2.3 (0.2) antihypertensive medications. For all patients with TA, the mean SBP was 171 (6) mm Hg and the mean DBP was 102 (4) mm Hg while receiving 2.4 (0.2) medications. For patients with FMD, the mean SBP was 172 (5) and the mean DBP was 97 (3) mm Hg while receiving 2.3 (0.2) medications. Eleven patients (20%) had renal dysfunction. Ten of these patients (91%) had TA. Three of the 11 patients were dependent on dialysis. The mean SCr level was 1.1 (0.1) mg/dL and the mean eGFR was 88.9 (4.1) mL/min.
Seventy-four kidneys were successfully revascularized. Twelve kidneys in 9 patients (8 with FMD and 1 with TA) were revascularized using PTA (n=8) or PTA with stent (n=4) ( Table 2) . Open revascularization was achieved using aortorenal bypass in 59 kidneys, of which 16 required ex vivo repair. Three kidneys were revascularized using splenic artery (n=2) and common hepatic artery (n=1) owing to extensive inflammatory TA of the abdominal aorta. Graft conduits for bypass included 43 saphenous veins, 17 prosthetic grafts, and 2 hypogastric arteries. Five nephrectomies were required, with 3 performed during contralateral revascularization, 1 before contralateral revascularization, and 1 as the sole procedure.
There were 8 major complications (10%) in 7 patients, including intra-abdominal bleeding requiring reexploration (n=3), wound infection (n=2), myocardial infarction (n = 1), mesenteric ischemia requiring superior mesenteric revascularization (n=1), and retroperitoneal hematoma after PTA with stent (n=1). There were no postoperative deaths.
During a mean follow-up of 75 months (range, 0.5-383 months), 15 of 79 revascularizations (19%) failed in 13 patients (9 with TA and 4 with FMD). Ten renal/ graft stenoses developed in 9 patients and 5 graft occlusions occurred in 4 patients. For all interventions, the primary patency rates at 1, 3, and 5 years were 87%, 75%, and 75%, respectively. Corresponding primary assisted and secondary patency rates were 92%, 86%, and 86%, respectively ( Figure 1 and Figure 2) .
Five endovascular interventions developed restenosis in 4 patients with FMD within a median interval of 8 months ( Table 3) . Two patients underwent successful aortorenal bypass. One patient had bilateral renal artery restenosis and required a second PTA. The fourth patient developed restenosis at 28 months and underwent a second PTA with stent placement. Primary patency rates for endovascular procedures at 1, 3, and 5 years were 73%, 49%, and 49%, respectively. Corresponding primary assisted patency rates were 83%, 83%, and 83%, respectively (Figure 3) .
Five bypass graft stenoses were detected at 3, 7, 8, 30, and 182 months (mean, 46 months). One patient underwent new graft placement, 1 had a graft revision, and 3 had renal/graft PTA. One patient required a second PTA for restenosis. Graft occlusions were documented in 4 patients with TA at 3, 3, 15, 22, and 32 months (mean, 15 months). One patient underwent a second revascularization with a splenorenal bypass. Another patient had significant inflammatory involvement of both renal arteries requiring branch vessel reconstruction. Revascularization was not attempted when bilateral grafts occluded. The remaining 2 patients underwent bilateral renal revascularization with subsequent occlusion of 1 bypass graft. At the last follow-up visit, both had a functioning contralateral kidney with a patent bypass graft ( Table 4 ). Primary patency rates for open revascularization at 1, 3, and 5 years were 91%, 80%, and 80%, respectively, with corresponding primary assisted patency rates of 94%, 87%, and 87%, respectively (Figure 4) . Five-year primary patency rates for all open revascularizations were significantly higher compared with those of endovascular interventions ( Figure 5) .
Mean SBP for all 52 hypertensive patients decreased to 132 (2) mm Hg and mean DBP decreased to 80 (2) mm Hg (P Ͻ.001). The mean number of antihypertensive medications required was reduced to 1.3 (0.2) drugs per patient (P Ͻ .001). Similarly, mean BP and antihypertensive medications required for the TA and FMD groups separately were significantly reduced ( Table 5) . Overall, 47 patients (90%) had a favorable BP response. Thirteen (25%) (12 with TA and 1 with FMD) were cured and 34 (65%) (17 with TA and 17 with FMD) improved, with treatment failure in 5 (10%) (2 with TA and 3 with FMD).
In the 49 patients who were not dependent on dialysis preoperatively, the SCr level decreased to 0.9 (0.1) mg/dL (P =.004) and the eGFR improved to 99 (5) mL/ min (P=.03). Subgroup analysis showed positive changes in renal function for TA and FMD; however, the change was not statistically significant for patients with FMD. Two of 3 dialysis-dependent patients no longer required dialysis. Six patients died during follow-up (5 with TA and 1 with FMD). One patient who underwent a successful revascularization died of a transfusion reaction 14 years after the initial procedure. Two patients with graft occlusion died, one of complications of renal failure and the other of a cardiac event. Four remaining patients who were lost to follow-up died of unknown causes. Five-and 10-year actuarial survival rates were 94% and 78%, respectively ( Figure 6 ).
COMMENT
Atherosclerosis accounts for approximately 70% of all renal artery disease 14 and is the focus of most reports concerning endovascular and open renal interventions. Consequently, although NARAD accounts for a significant portion of correctable hypertension, it remains less well studied compared with its atherosclerotic counterpart.
Endovascular treatment as the primary modality in the management of NARAD is described more commonly for FMD than TA, with reported modest primary failure rates and limited long-term follow-up. Reported restenosis rates for FMD after PTA range from 7% to 34% during a follow-up of 6 to 24 months [15] [16] [17] [18] [19] ; for patients with TA, these rates range from 14% to 21% during 8 to 22 months of follow-up. [20] [21] [22] In a series of 69 patients who underwent PTA for FMD, 34% of patients required at least 1 reintervention during 7 years, with most reinterventions occurring within the first 6 months. 19 Birrer et al 23 studied restenosis after PTA using serial duplex ultrasonography in 31 patients with 1-year follow-up. The restenosis rate was 23% at 12 months. In our study, we preferentially treated TA-associated renal artery stenosis with open surgical techniques, given the beneficial effects we previously reported for surgical revascularization in TA. 24 In our series, 5 stenoses (50%) occurred in 4 patients in the first 28 months after PTA. All stenoses were detected on routine surveillance duplex ultrasonography and confirmed angiographically. Two patients with primary stent failures underwent successful open revascularization, and the remaining 3 underwent PTA, providing a pri- a Underlying disease in all 9 patients was Takayasu arteritis. b Extensive disease of BL renal arteries required branch reconstruction; therefore, further revascularization was not attempted after BL graft occlusion.
c One graft occluded in each patient, with remaining patent contralateral bypass grafts and no significant change in blood pressure; therefore, no reintervention was pursued. mary assisted patency rate of 83% at 5 years. A recent study by Davies et al 25 reported similar findings in 29 patients with FMD and associated renovascular hypertension who were treated with primary endovascular therapy. The 5-year primary patency and primary assisted patency rates were 66% and 87%, respectively. Furthermore, 71% of patients maintained a cure or improvement in hypertension at 5 years. These reports and our experience suggest that restenosis after PTA for NARAD occurs in roughly onethird of patients. However, repeated endovascular intervention in these patients appears to be effective in providing acceptable primary assisted patency rates and associated BP improvement. 25, 26 Our positive results and those of Davies et al 25 are predicated at least in part on consistent longitudinal imaging with duplex ultrasonography. Nonetheless, few studies report routine surveillance imaging of renovascular interventions for FMD or TA, relying instead on clinical variables such as poorly controlled BP or declining renal function as triggers to perform imaging studies. 19 reported no need for reintervention in 8 patients with FMD who underwent surgical renal revascularization during a 7-year follow-up.
Our present study further confirms the durability of open revascularization in patients with NARAD. A total of 62 open revascularizations were performed, after which 5 graft stenoses and 5 graft occlusions were detected during a mean follow-up of 75 months. Detection of graft stenosis before the occurrence of graft occlusion allowed successful PTA or graft revision in all 5 stenotic grafts, providing a patency rate of 87% at 5 years. This illustrates how the results of open revascularization can be optimized by using consistent longitudinal surveillance imaging. Detection of graft stenosis before graft occlusion facilitates revision and in selected patients allows for a percutaneous solution.
Overall, superior primary patency rates were associated with open renal revascularization when compared with endovascular management. This was despite the fact that in general open revascularization was selected for patients with more extensive and complicated renal artery disease, as evidenced by the 16 ex vivo repairs. Our experience and that of others suggest that in general superior patency rates follow open revascularization for NARAD.
Reported rates of cure and improvement of hypertension after PTA for FMD range from 14% to 57% and 21% to 63%, respectively. [30] [31] [32] Davies et al 25 reported a combined cure/improvement rate of 72% at 1 year. Similarly, in our cohort, 75% of patients treated with PTA experienced cure or improvement in BP during the follow-up period.
Reported cure and improvement rates for FMD after open revascularization are 33% to 63% and 24% to 57%, respectively, and in general are superior to those reported for PTA. [33] [34] [35] [36] Of all patients treated with open revascularization in our study, 25% were cured whereas 65% improved. Similarly, Carmo et al 29 reported cure and improvement rates of 27% and 60%, respectively, in patients treated surgically for FMD-induced renovascular hypertension. The benefits on BP after open revascularization generally correlate well with technical outcome as measured by graft patency rates in our study as well as in others. 29, [33] [34] [35] [36] Overall, there was a significant reduction in SCr level and improvement in eGFR from baseline. Subgroup analysis showed statistically significant improvement in renal function for patients with TA, which was consistent with our previous experience. 28 However, the improvement seen in FMD was not statistically significant, likely because only 1 patient had renal dysfunction at baseline.
The minimal in-hospital morbidity and absence of mortality in this study are indicative of the relative youth and absence of comorbidities in patients with NARAD. Other studies have reported similar low rates of mortality and morbidity. In a series of 101 patients with FMD treated with open revascularization, 30-day mortality was 2%. 35 Mwipatayi et al 37 reported their experience in South Africa with 115 patients who had TA and who underwent surgical revascularization for various aortic and aortic main branch disease. Operative mortality was 4%. These low mortality rates for open revascularization in patients with NARAD are in contrast to atherosclerosis, in which patients are generally older and have multiple comorbidities. A recent report from the National Inpatient Sample documented an operative mortality rate of 10% for open renal revascularization in patients with atherosclerotic renal artery disease. 38 The role of endovascular and open renal revascularization in extending the lives of patients with NARAD is evident in this report. With a mean follow-up of more than 6 years, the 5-and 10-year actuarial survival rates were 94% and 78%, respectively. A report from Japan documented a 20-year survival of 73% in 36 patients with TA who underwent surgical treatment for renovascular hypertension. 39 This is in contrast to a documented decrease in survival among patients with TA in whom, in the absence of open revascularization of renal artery disease and associated hypertension, premature death from cardiovascular causes has been documented. 9 Currently, it is generally agreed that, in patients with NARAD associated with severe hypertension, endovascular or open renal revascularization is superior to medical management alone. Percutaneous transluminal angioplasty is considered the first line of therapy for FMD, and some have argued for a similar approach to TA. [20] [21] [22] The ease of endovascular intervention and patient comfort make this an attractive choice for the primary intervention. However, this recommendation should be considered in the context that most patients with NARAD are relatively young compared with their atherosclerotic counterparts. Durability and associated long-term benefit in controlling the hypertensive diathesis is a critical consideration when deciding on the best renal intervention for a given patient. In this context, the more complex involvement (ie, branch disease, aneurysm) and the younger the patient with NARAD, the more likely open revascularization will provide the most durable long-term result.
In conclusion, TA and FMD are 2 forms of NARAD that, although they differ in etiology, contribute to end organ dysfunction and to hypertension that is poorly controlled by medication alone. Both endovascular and open revascularization were found to be safe, durable, and effective in the management of renal arterymediated hypertension and renal dysfunction. After either intervention, the late results are enhanced by consistent surveillance imaging, which is critical to early detection of renal or graft stenosis before occlusion. Finally, primary open revascularization provides a superior outcome with respect to patency and equivalent safety compared with endovascular intervention. Open revascularization should be considered selectively as the first line of therapy for NARAD, particularly in the young patient with moderate to complex renal artery disease. 
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